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Abstract
Background: Petroclival meningiomas (PCMs) are technically challenging lesions. Although the standard retrosigmoid
approach is one of the most effective approaches, this route may have some limitations for the tumors extending into the
supratentorial region and middle cranial fossa. We provide a modified surgical technique called retrosigmoid-transtentorial
approach (RTTA) to solve these problems. The feasibility and efficacy of the RTTA were studied, by analyzing neurological
outcomes and considerations of surgical strategies.
Methods: We analyzed 64 of 71 PCM patients (90.1 %). All 64 patients had epicenter of tumor in the posterior fossa with
varying degrees of extension into the supratentorial area and/or the middle fossa. A conventional retrosigmoid craniotomy
was performed following which the tentorium was incised from the attachment of tumor toward the free edge, which
improved exposure to the petroclival region by offering additional operative room without resection of the adjacent part
of the petrous bone.
Results: The rate of gross total resection was 71.9 %. There was no incidence of intraoperative death. One patient
died in the postoperative phase. The postoperative permanent morbidity rate was 25.4 %. Follow-up was done
with the mean time of 60.7 ± 47.5 months. There were 6 recurrence, 8 progression and 7 death cases and the
mean KPS score was 83.2 ± 13.4 in the last follow up.
Conclusions: The RTTA achieves the goal of applying a safe, quick, uncomplicated, and lesser invasive access to
the petroclival region which is indicated for tumors located in the posterior fossa with some extension into the
supratentorial area and/or the middle fossa.
Keywords: Microneurosurgery, Outcome, Petroclival meningioma, Skull base, Surgical approach, Tentorium incision
Background
Petroclival meningiomas (PCMs) account for 3 % to 10 %
of posterior fossa meningiomas [1] which comprise of 14
to 40 % of all intracranial meningiomas [2]. They arise
from the upper two thirds of the clivus, locate at the petro-
clival junction and are medial to the trigeminal nerve.
They are regarded as the most formidable challenge to
neurosurgeons because of their proximity to the brainstem
and vital to neurovascular structures, which definitely de-
termine its difficulty to perform gross total resection
(GTR), and lead to high rates of surgical morbidity and
mortality. Despite recent advances in diagnostic neuroim-
aging methods, microsurgical techniques, and cranial base
approaches, together with intraoperative neurophysio-
logical monitoring [3], many patients with PCMs are still
suffering from residual tumor and permanent neurological
deficits which greatly affect their quality of life.
In the past decade, several approaches have been ap-
plied to resect PCMs including translabyrinthine, trans-
cochlear, total petrosal, retrosigmoid, subtemporal,
orbitozygomatic, and combinations of the above [4–12]
in the effort to remove tumors in different regions and
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try to improve the treatment outcome. Each approach
has its advantages and disadvantages, apart from limita-
tions and potential complications. Recent literatures re-
veal a tendency toward moving away from the complex
petrosal approaches to favoring less aggressive cranial
base approaches [6, 7, 13–15].
We advocate the principles for the surgical treatment of
PCMs: shorter operating time, direct trajectory and min-
imal disruption of neurovascular and temporal bone struc-
tures. Therefore, we have preferred to use the RTTA as a
minimally invasive treatment strategy to offer a favorable
chance for total tumor removal and quality of life for the
patients while minimizing the risk of postoperative com-
plications and neurological deficits. RTTA offers a work-
horse approach, and early tumor visualization of standard
retrosigmoid approach, with direct trajectory and wider
working corridor by incising tentorium.
The conventional suboccipital retrosigmoid approach
has provided an effective alternative to transpetrosal ap-
proach for the treatment of PCMs since its description
in the early 1900s. However this route appears to have
some limitations for the lesions reaching the middle cra-
nial fossa through the Meckel’s cave and the tumors ex-
tending toward the tentorium even rupturing into the
supratentorial region through the tentorium cerebelli
hiatus. It may preferentially provide a satisfactory expos-
ure to the lesions mainly located in cerebellopontine
angle (CPA) and lower clivus regions.
During the past decade, we also have frequently used
the retrosigmoid approach, especially for the PCMs pre-
dominantly located in the posterior fossa. By improving
our surgical techniques and comparing with other rele-
vant approaches, we have learned that combining with
the transtentorial approach, which means the tentorium
is incised based on the retrosigmoid approach, can im-
prove the extent of exposure to the petroclival region by
adding operative interval without extensive bony resec-
tion of the suprameatal tubercle which provides a better
opportunity to receive total tumor removal especially for
the tumors mainly located in the posterior fossa with
some extension into the supratentorial area and/or the
middle fossa. We have termed this approach as the
retrosigmoid-transtentorial approach (RTTA).
The purpose of this retrospective study is to evaluate the
feasibility and efficacy of the RTTA, the clinical outcome as
well as considerations of various surgical strategies. We
have analyzed our surgical experience and operative tech-
nique in a series of 64 patients with PCMs, operated via the
RTTA in our department from July 1991 to April 2010.
Methods
Patient population
In this institutional retrospective study 71 patients with
PCMs (including 5 patients previously underwent operation
or radiosurgery) were treated surgically from July 1991 to
April 2010 by the same senior authors. Sixty four patients
(90.1 %), 48 females and 16 males, were treated via the
RTTA. The mean age was 47.0 ± 11.2 years and ranged
from 15 to 68 years (Table 1). The main presenting symp-
toms and signs were nonspecific headache (32 cases,
50.0 %), facial numbness and pain (22 cases, 34.4 %), tin-
nitus and hearing loss (33 cases, 51.6 %), disequilibrium (37
cases, 57.8 %) and lower cranial nerve symptoms (32 cases,
50.0 %) (Table 2). The mean symptom duration was 32 ±
30 months, ranging from 1 week to 180 months (Table 1).
All of patients underwent pre-operative evaluations
with computed tomography (CT) and/or magnetic res-
onance imaging (MRI) with or without gadolinium con-
trast enhancement. The tumor size was defined as the
greatest diameter of contrast-enhancing area on MRI
and the mean of the maximum diameters of the tumors
was 44.4 mm. According to Sekhar et al.’s criteria [16],
tumors were classified into 4 groups by size. There were
no tumors with diameter less than 10 mm. Four patients
(6.2 %) had medium tumors (diameter range from 10 to
24 mm), 28 patients (43.8 %) had large tumors (diameter
range from 25 to 44 mm), and 32 patients (50.0 %) had
giant tumors (diameter larger than 45 mm) (Table 1).
The PCMs were divided into three subtypes according
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Cavernous sinus 17 (26.6)
Meckel’s cave 32 (50.0)
Supratentorial ventricular system 18 (28.1)
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to their main locations and extension. TypeI, clivus (28
cases, 43.8 %): the tumor grew up from the petroclival
fissure into the contralateral area, and tumor body was
located in the middle and upper clivus (Fig. 1). Type II,
petroclival (13 cases, 20.3 %): the tumor originated from
the petroclival fissure but mainly grew to the homolat-
eral area, and tumor body was located in the middle
clivus and CPA (Fig. 2). Type III, petroclivosphenoidal
(23 cases, 35.9 %): the tumor originated from the middle
and upper clivus and extended to the parasellar region,
middle cranial fossa, petrous apex and sphenoclival
fissure, then invaded to dorsum sellar through the
tentorial hiatus (Fig. 3). Sixty-four patients (100 %) ex-
hibited brainstem compression of various degrees; 17
Table 2 Main preoperative and postoperative symptoms and signs
Symptoms/Signs Pre-operation Post-operationa No improvementb I/Rb
(n = 64) (n = 63) (n = 53) (n = 53)
CN III impairment 5 17 3 13
CN IV impairment 2 4 0 4
CN V impairment 42 37 10 25
CN VI impairment 7 14 4 9
CN VII impairment 16 18 10 8
Lower cranial nerve impairment 32 16 5 9
Hemiparesis 18 23 4 16
Disequilibrium 37 18 5 10
Headache 32 7 3 3
CN cranial nerve, I/R improvement/recovery; aAt discharge bLatest follow up
Fig. 1 Contrast of MRI in clivus type case to show total resection by RTTA. Preoperative axial (a), coronal (b) and sagittal (c) MRI show a large
petroclival meningioma located in the dorsum sellae and upper middle clivus with a long “dural tail sign” along the middle clivus and the tumor
extended toward the supratentorium compressing brain stem. Postoperative axial (d) coronal (e) and sagittal (f) MRI show a complete tumor
removal without recurrence including the supratentorial region
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patients (26.6 %) had radiographic evidence of cavernous
sinus (CS) invasion; 32 patients (50.0 %) had radio-
graphic evidence of Meckel’s cave invasion and 18
patients (28.1 %) had radiographic evidence of the
expansion of supratentorial ventricular system. (Table 1)
Several surgical approaches, including the RTTA (64
cases, 90.1 %), pterional or extended pterional approach
(3 cases, 4.2 %), frontal-temporal-orbital-zygomatic ap-
proach, retrosigmoid combined with pterional ap-
proach, retrosigmoid combined with transverse sinus
transtentorial approach and presigmoid approach (1
case, 1.4 % each) were utilized to remove the tumors,
depending on the location and extension of the le-
sion. The 64 cases treated by the RTTA included all
3 types of tumors mentioned above. These tumors
predominantly located in the posterior fossa arising
from the petroclival area with some degree of exten-
sion upward to the supratentorial region and/or part
of the middle fossa. The medical records and radiolo-
graphic images of the patients were carefully reviewed
retrospectively.
Surgical technique
Different surgical approaches have been used to expose
and remove the tumors depending on the location and
epicenter of the tumor, direction of tumor extension,
tumor size, patient’s age, medical comorbidities, and
proposed extent of resection. We selected the RTTA
for majority of the patients, as a safe alternative to lat-
eral approaches.
The patient is placed into the lateral-decubitus pos-
ition with the head slightly rotated in order to bring up
the mastoid process on the affected side. Intraoperative
facial and trigeminal electromyographic responses and
somatosensory evoked potentials are assessed. An
inverted L-shaped incision is performed from just anter-
ior to the mastoid, curving up and posteriorly across the
superior nuchal line, and descending at the level of the
cervical spine. Then a standard retrosigmoid soft tissue
dissection is taken. The bone is exposed from the aster-
ion superiorly to the foramen magnum inferiorly, and
from the mastoid process to several centimeters poster-
ior to the sigmoid sinus. The edges of the transverse,
Fig. 2 Contrast MRI in petroclival type case to show total resection by the RTTA. Preoperative axial (a, b), sagittal (c) and coronal (d) MRI show a
very large petroclival meningioma located mainly in the posterior fossa, invading into the whole clivus and the tentorium, extending toward the
supratentorial region. Postoperative axial (e) and sagittal (f) MRI show a complete tumor removal without recurrence
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sigmoid sinuses and their junction are exposed widely
after craniotomy.
An incision is made in the dura with the edges being
based on the transverse and sigmoid sinuses. With gen-
tle retraction of the cerebellum from the petrous bone,
the arachnoid of the cerebellomedullary cistern are
opened to allow the egress of cerebrospinal fluid (CSF).
Once the cerebellum is relaxed substantially, the attach-
ment of the tumor and inferior surface of the tentorium
is exposed through the CPA. The petrosal vein is identi-
fied and well preserved.
In our experience, the cranial nerves (CNs) VII-VII
complex is usually located dorsal to the petroclival men-
ingioma and displaced downward and backward by the
tumor. After identifying CNs VII-VII complex and the
lower CNs by intraoperative electromyography, the char-
acteristics of the tumor including its location with regard
to the arachnoid planes, consistency and vascularity is
assessed. Vascular supplies of the tumor usually origin-
ate from the petrous bone dura to tentorium.
First attention is given to the tumor base. We com-
pletely or partially cut off its blood supply to reduce
bleeding. Subsequently, we perform tumor debulking
from the intervals between CNs VII-VII complex and
tentorium, between CNs VII-VII complex and CN V,
and between CNs VII-VII complex and the lower CNs,
carefully separating the tumor from the CNs and brain-
stem. Tumor dissection from the brain stem is the most
important step. The arachnoid plane and the brain
stem veins should be preserved as much as possible.
If the tumor is tightly adherent to the neurovascular
structures, rendering separation difficult, some tumor
capsules may have to be left to prevent significant
morbidity.
Once the tumor in the posterior fossa is removed, the
resection is advanced into the direction of the middle
fossa and supratentorial area. CN IV is identified, dis-
sected, and mobilized along its course anterior to the
tentorial rim. If components of the tumor rupture into
the supratentorial area and/or invade into some part of
middle fossa, the tentorium medial to CN V and super-
ior to the petrous apex is opened as widely as possible
near the petrous ridge while carefully protecting CN IV,
which helps expose the tumor located in supratentorium
and middle fossa. The tentorium is incised from the out-
side to the inside, beginning at 0.5-1.0 cm behind the
petrous ridge to preserve the posterior roots of CN IV
and CN V and to avoid injuring the superior petrosal
Fig. 3 Contrast of MRI in petroclivosphenoidal type case to show gross total resection by RTTA. Preoperative axial (a), coronal (b) and sagittal (c)
MRI show a very large petroclival meningioma located mainly in the posterior fossa, extending through Meckel’s cave into the middle fossa,
reaching the posterior wall of the CS. Postoperative axial (d) coronal (e) and sagittal (f) MRI show a complete tumor removal without recurrence,
including the extensions into Meckel’s cave and the posterior CS
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sinus. After incising the tentorium, we own a newly ex-
posed space by adding the interval between CN V and
CN III through which the tumor located in supratentor-
ium and middle fossa can be removed. The integrity of
surrounding nerves and vessels could be preserved their
integrity as much as possible without extensive bony re-
section of the suprameatal tubercle. If there are signs of
tumor invasion, the tentorium is resected together with
the tumor (Figs. 4, 5 and 6).
After resecting the tumor and ensuring hemostasis,
the dura mater is closed watertight, and the craniotomy
and skin wound are closed in the usual fashion. We do
not regularly place drains.
Statistical analysis
Statistical analysis was performed using the IBM SPSS
Statistics 21.0. A univariate analysis was used to evaluate
the main factors affecting rate of GTR (Chi-Square Test)
or Fisher’s Exact Test. (If expected count number <5). A
p value <0.05 was considered significant difference.
Results
Surgical outcomes
All operations were performed in one stage. The tumors
were pathologically graded according to the WHO clas-
sification [17] for all 64 patients: 61 cases were Grade I,
2 cases were Grade II and 1 was Grade III. Gross total
resection (GTR) (Simpson Grade II) was achieved in 46
patients (71.9 %). This was confirmed by intraoperative
view and postoperative MRI (Figs. 1, 2 and 3). Subtotal
resection (STR) (Simpson Grade III) was done in 7 cases
(10.9 %). Partial removal (Simpson Grade IV) was done
in the remaining 11 cases (17.2 %). In the 3 subtype of
PCMs, the GTR of Clivus, Petroclival and Petroclivo-
sphenoidal was 92.9 %, 61.5 % and 52.2 % separately
(Table 3). Anatomical preservation of CNs was achieved
in all patients. The main factors affecting whether to
archive GTR include tumor size (p = 0.018), subtype
(p = 0.004), presence or absence of invasion into the
CS (p = 0.008), and extent of brainstem compression
(p = 0.005) (Table 3).
Postoperative complications
One patient (1.6 %) died from thromboembolism sec-
ondary to pre-existing rheumatic heart disease on post-
operative 4th day. Postoperative complications were
observed in 36 cases (56.3 %). The majority of the com-
plications consisted of new CN functional deficits (24
cases, 37.5 %), including 9/28 cases (32.1 %) of Clivus, 4/
13 cases (30.8 %) of Petroclival and 11/23 cases (47.8 %)
of Petroclivosphenoidal separately. Hematoma within
the tumor cavity, epidural hematoma and pulmonary
Fig. 4 Intraoperative pictures demonstrating surgical steps of tumor resection via RTTA. a Expose the tumor in the superior and medial clival region
after cerebellar retraction via the retrosigmoid approach. b Coagulate the tumor basement, perform intratumoral decompression, and then incise the
tentorium after removing the tumor located in the posterior fossa. c Separate the adhesion between the tumor and brain stem. d Remove the the
suprotentorial tumor by piecemeal resection through incised tentorium cerebelli hiatus. e Separate the adhesion between the suprotentorial tumor
and CN III. f Remove the tumor totally and keep well the neurovascular structures integrity (Tu: Tumor, PCNs: Posterior Cranial Nerves, PV: Petrosal Vein,
Te: Tentorium, BS: Brain Stem)
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infection were 2 cases separately. (Table 1) The most
common symptoms of neuronal functional deficits were
hemiplegia (23 cases, 36.5 %), disequilibrium (18 cases,
28.6 %) and impairment of CN III-VII and the lower
CNs (Table 2).
Sixty of the 64 patients had recorded followed up for 4
to 132 months (60.7 ± 47.5). Ten cases with temporary
hemiplegia recovered after 6–12 months; 7 cases with bal-
ance dysfunction recovered. Recovery from CN deficits
were: oculomotor nerve in 11 cases; trigeminal nerve in
15 cases; abducens nerve in 7 cases; lower CNs in 9 cases.
In addition 9 of the 20 patients with facial palsy (House-
Brackmann Grade 3 or 4) recovered to House-Brackmann
Grade 2 after 3–6 months. Postoperative KPS at discharge
and at recent evaluation was 73.2 ± 15.6 and 83.2 ± 13.4
respectively. And KPS score was divided into 3 levels:
excellent (KPS ≥ 80), fine (60 ≤KPS < 80) and poor (KPS <
60). The distribution of KPS in 64 patients in the immedi-
ate postoperative period was 51.6 % excellent, 37.5 % fine,
and 10.9 % poor. The KPS levels had improved to 67.9 %
excellent, 30.2 % fine and decreased to 1.9 % poor in 53
cases at the most recent follow-up evaluation (Fig. 7).
Fig. 5 Schematic plot demonstrating to incise the tentorium from the attachment of tumor or medial to the porous CN Vand expose the
suprotentorial tumor
Fig. 6 Schematic plot demonstrating to enlarge the operative view and working angle, improve the exposure of tumor and create an additional
new operative corridor between CN V and CN III by incising of the tentorium
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Recurrence and tumor progression
Seven patients died from various reasons in the 60 pa-
tients who got follow-up. Four died of meningioma pro-
gression after STR or partial section. The other 3 had
GTR and died of un-meningioma diseases such as dia-
betes, heart failure and gastric cancer.
Forty-four of the 46 patients who had GTR were
followed up (mean followed-up time 60.7 ± 47.5 months),
and 6 had recurrence (13.6 %). The mean time to recur-
rence was 24.7 months postoperatively. There was 16
patients (2 patients of Clivus, 4 patients of Petroclival
and 10 patients of Petroclivosphenoidal) got observed
(mean followed-up time 52.0 months) in 18 STR and
partial section patients. The tumor progressed in 8 cases
(including 6 cases of Petroclivosphenoidal and 2 cases of
Petroclival) with 4 cases (all of Petroclivosphenoidal)
resulting in death. Another 8 patients (including 4 cases
of Petroclivosphenoidal, 2 cases of Clivus and Petrocli-
val, each) received gamma knife radiosurgery, of which 3
cases had tumor progression (2 cases of Petroclivosphe-
noidal and 1 case of Petroclival).
Discussion
Petroclival meningiomas (PCMs) are defined as meningi-
omas growing from the dura along the upper two-thirds
of the clivus and the petroclival fissure within the in-
ternal auditory meatus which may infiltrate or encase
cranial nerves and arteries of the posterior circulation
[4–7, 18, 19]. Extension of the tumor at the site of its at-
tachment into the supratentorial compartment, the CS,
and the CPA are common [13]. Therefore the resection
of PCMs continues to pose a significant technical chal-
lenge for neurosurgeons, and carries a relatively high
risk for surgical morbidity and mortality. With the ad-
vances in skull base techniques as well as improvement
in neuroimaging and intraoperative electrophysiology,
the complex petroclival region has become more access-
ible and the surgical results and the prognosis of patients
have been improved relatively. Obviously, different sur-
gical approaches have been used to expose and remove
the tumors according to the location of the epicenter of
the tumor, direction of tumor extension, tumor size, pa-
tient age, medical comorbidity, and proposed radicality
of resection. Significantly, personal experience, prefer-
ences, and the microneurosurgical technique can also
affect the choice of surgical approach [13]. Each ap-
proach has its own set of indications and limitations.
Table 3 The main factors affecting rate of GTR
Relative factors GTR/N % χ2 p
Size (mm) 10 ~ 24 4/4 100 8.083 0.018
25 ~ 44 24/28 85.7
≥45 18/32 56.3
Subtype Clivus 26/28 92.9 11.201 0.004
Petroclival 8/13 61.5
Sphenopetroclival 12/23 52.2
Cavernous Sinus Invasion 8/17 47.1 7.052 0.008
No invasion 38/47 80.9
Brainstem Compression Mild 21/24 87.5 10.584 0.005
Moderate 15/23 65.2
Severe 10/17 58.8
Consistency Soft 12/14 85.7 5.260 0.072
moderate 20/25 80.0
Tough 14/25 56.0
Fig. 7 Karnofsky Performance Scale (KPS) score for patients
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The presigmoid transpetrosal approach is considered
to be a popular approach for PCMs performed by many
neurosurgeons and mainly applied to tumors located in
the posterior fossa and clivus areas. This approach offers
a wide view of surgical field, short trajectory lateral ac-
cess, wide exposure of CNs and main arteries of poster-
ior circulation and higher preservation chance of the
vein of Labbe, eliminating by less retraction of temporal
lobe [13]. However this approach requires advanced
anatomic knowledge and surgical training. It is time-
consuming may cause more morbidities due to a large
surgical wound [18]. Similarly, the combined transpetro-
sal approach which was once considered to be the first
option for PCMs [16] can provide a much wider vision
and shorter distance to access to the petroclival area,
when they significantly grow into both the middle and
posterior fossae equally. Besides the disadvantages simi-
lar to a presigmoid transpetrosal approach it also in-
creases a potential risk of damage to the facial nerve,
hearing loss, and injury to the vein of Labbe [20] which
lead to slow recovery and poor neurological outcomes.
With the advent of minimally invasive techniques,
much effort has been directed towards avoiding exten-
sive exposure of the petrous bone structures [15, 21].
The traditional retrosigmoid approach was described in
the early 1900s, offering lesser morbidity [13, 14, 22, 23],
compared with the transpetrous or basal subtemporal
approaches. We have elected to choose the RTTA,
wherein the tentorium is incised from the attachment of
tumor toward the free edge following the conventional
suboccipital retrosigmoid craniectomy. And we consid-
ered that the RTTA was one of simple, effective and
practical approaches for PCMs. The advantages are obvi-
ous including: 1) Less trauma to patient, simpler ap-
proach for operator and less time consumption [18]. 2)
Avoiding the injury of the traction of vein of Labbe and
decreasing the iatrogenic complications [13, 20]. 3) More
abundant exposure of operative sight without more trac-
tion of cerebellum and venous sinus handling [20] to
expose the deep regions of superior petrosal sinu, pet-
rous apex, edge of tentorium and clivus and if needed,
accompany with the incising of tentorium, the exposure
can be extended to the whole region of clivus from
dorsum sellae to foramen magnum region. 4) Earlier ex-
posure and handling of brain-tumor boundary and base-
ment of tumor without necessarily extensive resection of
the petrous bone, drilling of the suprameatal bone and
exposing the internal structures of petrosal bone [13].
We retrospectively summarized our experience with
71 cases of surgically treated PCMs, of which 64 cases
(90.1 %) was done via the RTTA. In this group, the rate
of GTR was in 71.9 %. Of the three subtype of PCMs
mentioned above, those with the clivus type achieved
GTR at the rate of 92.9 % (26 cases in 28 patients);
61.5 % (8 cases in 13 patients) of those with the petrocli-
val type achieved GTR; on the other hand, 52.2 % (12
cases in 23 patients) of the petroclivosphenoidal type
achieved and GTR (Table 3). And encouragingly the rate
of GTR of our group was not lower or even higher than
other approaches [10, 24–26]. We found that most of
the patients recovered significantly and satisfactorily.
Excellent KPS (KPS ≥ 80) was obtained in 51.6 % of 64
patients postoperatively and improved to 67.9 % of 53
patients at the time of the latest follow-up evaluation,
meanwhile, the poor KPS decreased to 1.9 % at the most
recent follow-up evaluation (Fig. 7). The recurrence is
just 13.6 % of 44 patients who had GTR were followed
up. These data has proved the quality of life has been
improved obviously with a favourable prognosis com-
pared with other approaches [10, 24–26].
As we mentioned above, PCMs commonly extend into
supratentorial compartment and some part of middle
fossa. In particular, the large and giant PCMs always
invade the tentorium or even rupture into tentorium
cerebelli hiatus and extend toward dorsum sellae and
suprasellar area. Therefore, incising the tentorium and
removing tumors extended in supratentorial compart-
ment appears to be a prudent, natural and necessary
choice. Through the widened CPA, we have achieved ex-
cellent tumor decompression, especially when tumor
mass displaces the brainstem providing increased access
to the lower and upper petroclival surface [27]. More-
over, the large wide surgical corridor created by the le-
sion obviates performing an invasive transcochlear
approach with facial transposition [18]. With the RTTA,
the tentorium from the attachment of tumor or medial
to the porous CN V is incised (Fig. 5). This can be ex-
tended through the free edge while paying close atten-
tion to the trochlear nerve, posterior cerebral artery and
superior cerebellar artery when opening the free edge of
the tentorium. It also can provide wide exposure of
supratentorial compartment permitting to access to mid-
dle fossa freely without need of extensive suprameatal
drilling or resection of petrous bone, thus avoiding some
of the hazards of the transpetrosal approaches. After
opening the tentorium, operative view and working
angle are both enlarged, improving the exposure of these
lesions. We testify the utility of RTTA for removing
large and giant tumors from the experience of our cases,
of which 93.8 % were large and giant tumors. Another
major advantage of incising of the tentorium is creating
a possibility of adding a new operative corridor between
CN V and CN III (Fig. 6). Cutting of tentorium and ex-
posing CN III offers working angle from the posterior
fossa. Direct access to the dural attachment of tumors
on the dorsal petrous bone provides easily disruption of
tumor blood supply thereby providing a bloodless surgi-
cal field. If the tentorium is also invaded by the tumor, it
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can be resected together with tumor, offering an improved
Simpson’s grade of resection. We believe that this ap-
proach can generate enough space to expose and resect
tumors from multiple angles thus increasing the rate of
GTR with preservation of neurovascular structures.
Obviously, the RTTA also contains some limitations:
1) As for the petroclivosphenoidal type of PMCs, the
rate of GTR was only 52.2 % (12 cases in 23 patients),
and the new postoperative CN functional deficits was up
to 47.8 % and obtained higher rate of progress and death
during follow-up. These meant the tumor could not be
resected just only by RTTA when the main part of
tumor located at middle cranial fossa or invaded into
cavernous sinus, especially invading the internal struc-
tures of cavernous sinus. We need to choose the trans-
petrosal approach or combined other approaches to
improve the rate of GTR. 2) This route appears to have
limitations for the lesions reaching the middle cranial
fossa through the Meckel’s cave and or extending above
the tentorium through the tentorium cerebelli hiatus or
infiltrating the tentorium itself. 3) The resection of
tumor was mainly achieved through numerous neuro-
vascular intervals via RTTA, therefore the risk of iatro-
genic injury of neurovascular structures was relative
higher. The main dysneuria in the group were varying
degrees of cranial nerve palsy and hemiplegia (Table 2).
As a consequence, the tumor-self “occupation” should
be used possibly and the traction of neurovascular struc-
tures should be avoided by the microinstrument as far as
possible. Sharp dissection of the arachnoid between the
tumor and encapsulated cranial nerve in the early stage
is necessary. The accomplishment of tumor resection
within arachnoid interface and high-protection of arach-
noid interface and vasa vasorum of cranial nerve are the
key technique for the decreasing of neurovascular injury.
Samii at al. [28] introduced the retrosigmoid intradural
suprameatal approach as a modification of traditional
retrosigmoid approach to treat PCMs in 1983. Since
then, several modifications of retrosigmoid approach
having been invented to resect PCMs. Watanabe et al.
[29] modified the suprameatal retrosigmoid approach by
using the lateral oblique position and preferentially div-
iding the tentorium without extensive drilling of the
suprameatal bone, reporting a GTR rate of 42 % in 26
patients. Similarly, Zhu et al. [30] introduced the keyhole
approach in surgical treatment of PCMs which provided
an easy and quick access to the supra- and infratentorial
juxta-clival region without drilling of the petrous bone.
They demonstrated GTR in 14 of 25 patients (56 %).
Shaan et al. [31] proposed the extended retrosigmoid
craniotomy for neoplastic lesions in the posterior fossa
incorporating a component of posterior petrosal ap-
proaches by skeletonizing the sigmoid sinus, without re-
quiring much petrosal drilling.
The overall rate of GTR of PCMs in literature is not
very high, ranging 0-75 % [4–9, 13, 32–34], and in this
series we incurred a 71.9 % GTR rate. The main limita-
tions of achieving GTR include encasement of the ver-
tebrobasilar arteries and perforating arteries [29], tumor
blood supply and parasitization of adjacent arteries, de-
gree of invasion to the subarachnoid space etc. [5] In
addition to the factors, tumor size (p = 0.018), subtype
(p = 0.004), presence or absence of invasion into the
CS (p = 0.008), and extent of brainstem compression
(p = 0.005) are significant prognostic factors. In this
group, there were 17 patients (26.6 %) with tumors
that had invaded the CS, including 8 (47.1 %) in
whom GTR was achieved and 32 patients (50.0 %)
with tumors that had invaded Meckel’s cave, including
18 (28.1 %) achieved GTR. It is impossible that all
PCMs are removed totally, but it is very important to
attempt to get GTR during the initial operation. Be-
cause the residual tumor has the ability to grow and
mutate, the goal to attempt a total removal while pre-
serving the patient’s neurological function is crucial.
For this reason, it is important to plan and limit
resection of these lesions, keeping a balance between
guaranteeing good quality of life and total tumor
resection.
With the recognizing of the potential advantages of
this approach compared with skull base approaches,
we think the RTTA described here is an easier, safer
and minimally invasive treatment but resolves much
resection of PCMs especially is indicated for the fol-
lowing situations: a) the tumors has invaded into the
whole clivus and extended from foramen magnum to
dorsum sellae; b) the tumor originates from tentorial
edge attaching to the petroclival fissure and petrous
apex and extending toward the supratentorium; and
c) the tumor is mainly located in the posterior fossa
with the extension to the middle cranial fossa.
Conclusion
The retrosigmoid-transtentorial approach (RTTA) for
the treatment of the PCMs provides favorable outcomes
of neurological function and quality of life when GTR is
attempted. This approach serves the goal of a safe and
uncomplicated, less invasive access to the petroclival re-
gion for resection of PCMs, especially when the tumor
mainly in posterior fossa has some extension into the
supratentorial area and/or the middle fossa.
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